The initiation of subduction remains one of the unresolved challenges of plate tectonics. Models of subduction (1, 2) require an instability that forms a weak zone to initiate subduction. This first instability ruptures the mechanical coherence of the lithosphere by localized plastic yielding (3, 4). Fluiddynamical approaches have succeeded in producing near vertical drops of negatively buoyant viscous lithosphere promoted by such localized zones of weakness (5, 6). However, the yield strength of the lithosphere has been assigned arbitrarily. The viscous-plastic analogy also neglects the importance of elastic bending, at oceanic trenches. Hence, an elasto-visco-plastic instability is required that overcomes both the barrier of flexural bending and shear resistance on the weak zone in a second finiteamplitude instability (1, 7).
Here, we studied the nonlinear elastovisco-plastic failure of the lithosphere from linear incremental loading of sediment piles at passive margins (8) . Water content COH is the only parameter we vary in our finite-element model (9) . The sediment load function (10) and the thermal model are fixed at the outset. Sedimentary rock and water buoyancy response forces are applied to the bottom of the plane strain model where two families (z and x) of linear dashpot elements (force-relative velocity couple) mimic an asthenosphere viscosity of 1021 Pa s (Fig. 1) . The superscripts E and T refer to elastic and thermal expansion strain rates. At low temperatures, the creep stress overestimates the strength of the lithosphere and 2J2 > p. In this case, p defines the yield stress above which the composite fluid dynamic rheology is replaced by a von Mises elasto-plastic ma-
The coupled temperature-displacement problem is fully solved with an energy equation: Fig. 2   1.1.11.1.11.1.1.. 111.1.1.:: .II..II.~~~~~~~~~~L - known. We assume that (11) and (12) define the dry and wet rheology, respectively. With a linear scaling of (x between these bound's and Eq. 6, we obtain a range of characteristic strain rates between 2 X 10-16 S-I < jL < 3 X 10 s at Tbase 1100 K. We investigate whether subduction initiation is possible for a reasonable tectonic load. Ridge push and sediment loads are possible contenders for breaking the twodimensional geometry of plate margins. Ridge push results from thermal expansivity and acts as a far-field lateral push (line load of 0 1012 N m-'). Sediment loads on the contrary act locally and depress passive continental margins vertically. Erosion can reach an integrated load of the order of 1013 N m-'; therefore, it should be more important than ridge push for bringing passive margins to criticality. To model the dynamics of the initial instability, we assumed that the continental margins are uniformly filled with sediments.
Both wet and dry lithosphere fail under an applied sediment load in our simulations. However the style of failure is different. In the dry lithosphere case (Fig.  2, A to D) , only the top 10 km fails in a solid mechanical manner, whereas the lower fluidlike part, defined by 2J2 < p, deforms in a diffuse way. This does not favor subduction initiation. However, in the dry case, the sediment load triggers a RayleighTaylor instability in the lower fluidlike portion of the lithosphere, the bottom of which delaminates after 70 million years (My) from the mechanical lithosphere and drops off. For the dry lithosphere case, our cooling half-space model thus develops dynamically into a cooling plate model between 70 and 100 My without precipitating subduction.
In the case of the wet lithosphere (Fig.  2, E to H Just by adding water, we obtain a narrow faultlike zone for lithosphere separation. It needs to be shown that the fault zone can be sufficiently softened to sustain subduction. The strain inside the major fault zone is large (Fig. 2, E to H) (Fig. 3) .
We have shown that subduction initiation, and therefore, by inference, plate tectonics (29), rely on the presence of water. An Atlantic-type continental margin would reach two-dimensional criticality upon the addition of sediments, if an average load of 10-km thickness is reached. Plummeting of such a gravitationally and mechanically unstable lithosphere into the mantle can be envisioned through many subsequent threedimensional mechanisms. Environmental loads (sediments, volcanic plateaus, and so forth) can cause Rayleigh-Taylor instabilities leading to removal of the bottom of the lithosphere for dry mantle cases. Positive feedback mechanisms hold the key fior solving the subduction initiation paradox (7). We have shown that water and thermal-mechanical feedback can generate a narrow (<600 m) low-viscosity shear-zone that cuts across the lithosphere.
